The present paper examines past measurements of the angular distributions for 
I. Introduction
Spectroscopic factors describe the single particle structure of nuclei in the shell model. It is defined as the overlap between the initial and final state in the reaction channels [1] [2] [3] [4] [5] . In the past four decades, single nucleon transfer reactions such as (d,p) or (p,d) reactions have been used extensively to extract the spectroscopic information of the single nucleon orbits [1] [2] [3] [4] [5] [6] . Specifically, these measurements allow the extraction of the spectroscopic factors by taking the ratios of the experimental cross-sections to the predicted cross-sections from a reaction model. The most common model used is the Distorted Wave Born Approximation (DWBA) theory [3] [4] [5] . For (p,d) and (d,p) transfer reactions involving deuteron, the effects from deuteron break up can be significant at high energy and the correction is generally taken into account using the Johnson-Soper adiabatic approximation [7] to construct the deuteron potential. As this approach is not strictly DWBA, we will call it the adiabatic three-body model.
It is not unusual to find published spectroscopic factors for a particular nucleus that fluctuate by factors of 2-3 [8] . On the other hand, there are published spectroscopic factors, which are the same within the quoted uncertainties even though the data used to
II. Reaction model
In the following, we have adopted the conventional analysis widely used in the literature on neutron-transfer reactions and have tried to apply it consistently over the range of reactions studied, with minimal assumptions. In the present work, we follow the algorithm developed in ref. [8] and use a modified version of the code TWOFNR [13] to perform the transfer reaction model calculations using the same input parameters labeled as CH in ref. [8] . The code TWOFNR is chosen mainly for convenience as it contains all the input options discussed below. Other widely used reaction model codes, DWUCK5
and FRESCO yield nearly identical predictions with the same input parameters [11, 12, 14] .
The transfer cross-sections are calculated within the Johnson-Soper (JS) adiabatic approximation [7] to the neutron, proton, and target three-body system using the phenomenological nucleon nucleus optical model potentials [15] . This calculation includes the effects of breakup of the deuteron in the field of the target. The valence neutron binding potential is Woods-Saxon in shape with a fixed radius parameter of 1.25 fm and a diffuseness parameter of 0.65 fm [8] . The depth of the potential is normalized to the experimental binding energy. All calculations make the local energy approximation (LEA) for finite range effects [16] using the Zero-range strength (D o 2 =15006.25 MeV
Nearly all the angular distributions listed in Table I have . Eventually, we hope all the digitized data used in this work will be adopted by the NSR.
By checking some of the data carefully and sometimes repeating the digitization several times, we estimate the uncertainties introduced by the digitization process to be less than 10%. For illustration, we use the data for the reaction 14 N(d,p) 15 N at E d =12 MeV the cross-section minimum. Thus, we follow the procedures developed in ref. [8] and others that the spectroscopic factor is extracted by fitting the reaction model predictions to the angular distribution data at the first peak, with emphasis on the maximum. The accuracy in absolute cross-section measurements near the peak is most important. When possible, we take the mean of as many points near the maximum as we can to extract the spectroscopic factors. We will use the angular distributions of 14 N(d,p) 15 N shown in Fig 1 to illustrate the procedure we adopt to extract the spectroscopic factors.
In Figure 1 , the first three data points with θ cm <25° have been used to determine the ratios of the measured and calculated differential cross-sections. The mean of these three ratios is adopted as the spectroscopic factor. For example, for the two sets of data plotted in Figure 1 , the spectroscopic factors are 1.2 and 1.1 for digitized [82] data and tabulated data [21] respectively. The difference in the spectroscopic factors represents the uncertainties introduced by digitizations. The theoretical angular distributions, obtained from TWOFNR, multiplied by the spectroscopic factor 1.1, are plotted as solid curve in the figure.
In cases when a "first peak" is not obvious or that the angular distributions of the forward angles are nearly flat, e.g. in the reaction of 44 Ca(p,d) 43 Ca at E p =40 MeV [174] as shown in Figure 2 , we find that fitting the shoulder gives more consistent results. In general, the agreement of the shape of the angular distributions of the first peak or shoulder to reaction calculations gives some indication as to the quality of the spectroscopic information that can be extracted by comparing the transfer model to the data. When appropriate, the number of data points from a given measurement that lie in the region where data can be described well by the transfer model is taken to compute the relative weights of SF's extracted from different measurements that could combine together to get the mean spectroscopic factors presented here.
V. Evaluation of the angular distribution measurements
Even though most papers state the uncertainties of their cross-section measurements to be 10-20%, the actual disagreements between experiments are often larger than the quoted uncertainties. An example is illustrated in the reactions 11 B(d,p) 12 B
reactions. From the conventional literature, we find two measurements at deuteron incident energy of 11.8 MeV [45] and 12 MeV [21] . Since the incident deuteron energy is nearly the same, one would expect the angular distributions from the two data sets plotted in Figure 3 to be the same within experimental error. Ref. [21] (open circles) stated that the accuracy of the absolute cross-section measurements is 15% while ref. [45] (closed circles) quoted an error of 6%, which is smaller than the closed symbols in Fig 3. Not only do the cross-sections differ sometimes by a factor of two, the shapes of the distributions (especially the first peak) are not even the same. In this case, the shape of the angular distributions in ref. [45] agrees with the calculation (solid curve) better than that measured in ref. [21] . Fortunately for this reaction, we are able to find another measurement in the NNDC database [46] (open diamonds). Near the peak at forward angles, this latter angular distribution agrees with ref. [45] and so we disregard the measurements of ref [21] . Data in ref. [45] were measured nearly 40 years later than data in ref. [21] and one might be tempted to attribute the difference to the availability of better beam quality and detection systems for the measurements. However, when another reaction, 12 C(d,p) 13 C at E d =11.8 MeV from ref. [45] (closed circles) is compared to three other published angular distributions in Figure 4 at E d =11. [59] , the cross-sections in the first peak measured in ref. [45] is consistently low. No uncertainties in the measurements are given in ref. [30] and ref. [59] but it is clear that data in ref. [45] do not agree with the other measurements, especially in the most forward angle region. Thus we disregard the SF derived from ref. [45] in our compilation of systematically higher than the other measurements [30, 178, [182] [183] [184] [185] [186] [187] [188] [189] [190] [191] . Clearly, there must be some problems in the determination of the absolute cross-sections in ref. [181] .
Since it is not possible to find the cause after so many years, in our review of the data, we disregard the spectroscopic factor values determined in ref. [181] .
Similarly we disregard the data in ref. [29] for the 9 Be(d,p) 10 Be reaction as most of the data in ref. [29] are low when compared to the available data from other measurements. There are other examples. All the SF values not used are listed in Column 5 of Table I . In general, a brief comment follows in the last column of Table I if the data set is considered to be problematic.
The disagreements between data sets generally exceed the quoted uncertainties of the experimenters. Indeed, we have found that the most important aspect of quality control of the data is to have as many independent measurements as possible.
Comparisons of different measurements help to identify problematic measurements. The large number of measurements compiled in Table I have helped to improve the quality of the spectroscopic factors extracted in the present work.
VI. Transfer reactions at high and low energy
When Q-value and the transverse and angular momentum transferred are not wellmatched as in the transfer reactions induced by very low or high (> 50 MeV) beam energy, the shape comparisons are also poor. Figure 6 shows the angular distributions of
In reactions which have large negative Q values such as 12 C(p,d) 11 C (Q = -16.5
MeV), the center of mass energy available in the exit channel is very small even at ~20
MeV proton incident energy [38] . The validity of the calculated angular distribution is questionable at these energies and we discard these data. For other reactions measured at low incident energy (<10 MeV), the data could be dominated by compound nucleus emissions, or resonances in the low energy elastic scattering [244] . When possible, we exclude spectroscopic factors obtained with incident beam energy less than 10 MeV.
These "excluded" spectroscopic factors, not included in computing the mean values of the spectroscopic factors, are listed in Column 5 of 
VII. Nuclei with small spectroscopic factors
For the 50 Cr(p,d) 49 Cr reactions, there are two measurements at beam energy of 17.5 and 55 MeV [223, 224] . In each case, the predicted and measured angular distributions are different as shown in Figure 7 with closed circles for 17.5 MeV [223] data and open circles for 55 MeV data [224] . From the magnitude of the measured crosssections, a spectroscopic factor value of 0.11 is derived. The extracted spectroscopic factor is very low especially for an even-even nucleus. 21 Ne, 22 Ne, 24 Mg, 35 Cl, 45 Sc, 47 Ti, 48 Ti, 50 Cr, and 51 V nuclei.
In the case of 46 Ti(d,p) 47 Ti reactions [214, 215] There are strong correlations between the spectroscopic factors determined from the Table I suggest that the uncertainties in the extraction of the spectroscopic factors are largely limited by the disagreement between measurements. In Table II and Figure 8 , we have excluded measurements for 7 Li, 34 S and large errors associated with either the (p,d) or (d,p) measurements. If we include these three measurements, the estimated uncertainty in a given measurement increases to 28%
Finally, we can compute the spectroscopic factor values and the associated uncertainties listed in Table III . The SF values are obtained from the weighted average of independent measurements from both the (p,d) and (d,p) reactions listed in Table I from which the low energy (<10 MeV) and outlier data (nominally marked with asterisks) are excluded. For values determined by only one measurement when no other independent measurement is available for consistency checks, an associated uncertainty of 28% is assigned. For values determined by more than one measurement (N), we take into account the distribution of the SF's around the mean. Figure 9 illustrates this procedure, the open stars represent the spectroscopic factors extracted from the good measurements of the calcium isotopes. However, the spread of the data are more than 20% for the 44 Ca and 48 Ca nuclei even though three "good" measurements are found for each of these nuclei. For these nuclei, it is more realistic to assign the uncertainty using the standard deviations of the mean of the data points. The associated uncertainties listed in Table III are determined by adopting either the standard deviations of the mean or the computed uncertainties determined by 20%/√N, whichever is larger. For comparison, the mean SF values with the associated uncertainties are plotted as the solid stars with error bars in Figure 9 .
IX. Comparison with Endt's "best values"
In 1977, Endt compiled a list of the "best" spectroscopic factor values for the sd-shell nuclei [9] . For the neutron spectroscopic factors, Endt compiled the published Table III . Figure 10 compares the spectroscopic factors determined by Endt and the present work (SF(conv)). 15 C reaction is an important reaction because 15 C has a loosely bound halo neutron. It is used to provide cross-comparisons between the spectroscopic factors obtained from one-nucleon knock-out and transfer reactions [245] . In addition, this reaction is a good candidate to extract spectroscopic factors using the combined asymptotic normalization coefficient (ANC) method [246] . Since we generally do not analyze data that miss the first forward angle peak, we excluded data taken at 16 (closed squares) and 17 (open circles) MeV [75, 71] . The predicted angular distribution shape (solid curve) shows good agreement with data at 14
MeV [74] at angles less than 15°. We choose to adopt the extracted SF from this data set.
However, there may be some problems with the assigned SF value of 1.12. It is about 35% higher compared with the SF's values extracted at low energy and behaves differently compared to other neutron rich nuclei as explained in the next section.
XI. Dependence of spectroscopic factors on neutron separation energy
Recent measurements of spectroscopic factors from single-nucleon "knock-out" reactions with radioactive and stable nuclei show increasing quenching of the spectroscopic factor values with respect to large-basis shell-model values with nucleon separation energy [247, 248] . The wide range of isotopes studied in this work and listed in Table III includes nuclei with neutron-separation energies ranging from 0.5 to 19
MeV. To examine any quenching trend, we compute the neutron spectroscopic factors using Oxbash, a large-basis shell model code [249, 250] . The model space and the interactions used in the calculations are listed in Table III . Due to the amount of CPU times involved, we cannot compute the SF values from Oxbash for every nucleus. As discussed in detail in ref. [10] , excluding the deformed nuclei and nuclei with small SF values, most of the extracted spectroscopic factors agree well with the predicted values from large-basis shell model to 20%. The structures of the neutron rich nuclei with small neutron separation energy are of general interest. For loosely bound nuclei, knockout reactions with radioactive beams suggest no quenching. In our data set, there are seven nuclei with S n <4 MeV, 8 Li, 9 Be, Further study with improved theoretical inputs is needed to understand these nuclei with loosely bound neutrons.
XII. Summary
In Table III : List of isotopes with the extracted spectroscopic factors and other information such as the mass number (A), charge number (Z) and neutron number (N) for the nuclei. j π , T and S n are the spin and parity, isospin and neutron separation energy of the nuclei. For completeness, we also list the root mean square radii of the neutron wave-functions. As the spectroscopic factors obtained in the present work come from using conventional parameters in the TWOFNR [13] 
